01/22/01 11:16 REEDFAX 312 554 3301 



NO. 272 P002/029 



(19) 



EuropfilschM PetMtamt 
European Potant Otflcs 
Offlco europ6m dsa br«V9U 




(12) 



(45) Dato of publication and manlton 
at the grant of the patent: 
22.05.1996 Bulletin 1996/21 

(21) Application number: 93202803.8 

(22) Date of filing; 01.02.198S 



(11) EP 0 582 355 B1 

EUROPEAN PATENT SPECIFICATION 

(51) intCL«: C08F 210/02, C08F 232/08 



(54) Random copolymer 

Statistische Copotymere 
Ccpolym^res statistlques 



(84) Designated Contracting States: 
DE FR GB IT NL 

(30) Priority: 03.02.1984 JP 1699S/84 
12.11.1984 JP 236026/84 

(43) Date of publication of application: 
09.02.1994 Bulletin 1994/06 

(62) Application number of earlier appHcalion in 
accordance with Art. 76 EPC: 8530O7O6.0 

(73) Proprietor MITSUI PETROCHEMICAL 
INDUSTRIES, LTD. 
Tokyo 100 (JP) 

(72) Inventors: 

• Kajiure, HIrokazu, c/o Mttsul Petrochem. Ind. Ltd. 
YemaguchI 740 ( JP) 

• Oda, HIdekuni, 

C/O Chlba Works of Mlleul Petroeh. 
Chtba 299^1 ( JP) 



• MInamI, SyuJI, c/o MIttuI Patrochemlcat Ind. Ltd. 
Yemaguehl740(JP) 

(74) Representative: Creeewell, Thomea Anthony el at 
J.A. KEMP Ml CO. 
14 South Square 
Grey'e Inn 

London WC1R SLX (OB) 



(56) References cited: 
FR-A- 1 535 460 
LU*A- 67 835 



FR-A- 2 276 320 



• PATENT ABSTRACTS OF JAPAN no. 904 
(C-76X14) & JP-A-53 034 890 (NIPPON GOSEI 
QOMU K. IC) 31 March 1978 

• PATENT ABSTRACTS OF JAPAN no. 904 
(C-78X14) A JP-A-53 034 890 



Remarks: 

The fila contains technical Information submitted 
after the application was filed artd not included in this 
specification 



4 



m 

in 
in 

CO 

CM 

S Note: Within nine months from the publication of the mentkan of the grant ot the European patent, any person may give 
notice to the European Patent Offkse of oppositkan to the European patent granted. Notice ol opposition shall be filed in 
° a written reasoned statement. It shall not be deemed to have been filed until the oppositk)n fee has been paid. (Art. 

fVtitadbyJoMm 7S001 RARiaCPfl) 



01/22/01 11:16 REEDFftX ^ 312 554 3301 



NO. 272 P003/029 



EP 0 562 355 B1 



IS 



2S 



30 



40 



Deacrlptlon 

This invention relates to a random copolymer comprising at least ethylene and a 1.4.5,8-climothBno-1. 2, 3.4.4a, 
5 8 Sa-octahydronaphtalene as monomers. More specifically, it relates to a copolymer having excelleni transparency 
and a well balanced combriation of heat resistance, heat aging resistance, chemical and solvent resistance, dielectric 
properties and mechanical propeaies such as rigidity. This application is divided from application no, 85 300*705.0. 

Potycarbonato, poly(methyl methaciylato) and po»y(ethyleno terophthalale) are known as synthetic reeins havffig 
excellent transparency. The polycarbonate resin has excellent heat resistance, heat aging resistance and impact 
strength as well as excellent transparency, but have the delect ot poor chemical resistance whereby it is readity attacked 
by strong alkalies. Poty(methyl methacrylate) has the detect that it is susceptible to attack by ethyl acetate, acetone 
and toluene, Is swollen In ether, and has low heat resistance. Polyethylene terephihalale has excelleni heat resistance 
and mechanical properties but has the defect of possessing weak resistance to strong ackjs or atkaUes and being 
susceptible to hydrolysis. 

Many of polyolefins well known as general-purpose resins have excellent chemical resistance, solvent resistance 
and mechanical properties, but have poor heat resistance. Furthermore, they have poor transparency because they 
are crystalline. The transparency ot polyolefins is generally Improved by adding a nucleating agent to render the crystal 
structure fine, or by performing quenching to stop the growth of crystals, but such measures have not proved to be 
entirely effective. Rather, the addition of a third component such as the nucleating agent is likely to impair the inherent 
excellent properties of the polyolefins. Furthermore, the quenching method requires large scale equipment, and is also 
likely to reduce heat resistance or rigidity with a decrease in crystallinlty. 

On the other hand, methods have been proposed for producing polymers having superior transparency by copo- 
lymerizing ethylene with bulky comonomers. U. S. Patent 2,883,372 discloses a copolymer of ethylene with 2.3<jlhy- 
drodicyclopentadiene. This copolymer has a well balanced combination of rigidfty and transparency but low heat re- 
sistance as shown by its glass transition temperature ot about 1 0OoC. 

Japanese Patent Publication No. 14.910/1971 discloses a process for producing a homo- or copolymer havng 
polymerized units represented by the foltowing formula (a) 



so 



ss 



(a) 



wherein R is hydrogen or a tower alkyi group, which comprises polymerizing a 1 ,4,5,8-dimethano-1 ,2,3,4.4a. 
5.8.8a-ocl6ihydror»phthalene represented by the foltowing formula (b) 



oar" 



Cb) 



wherein R is as defined above, 
fetone or with a cyclic olefin selectedf rom styrene, acenaphthylene, bfcyclo-[2.2-1Iheptene-2. alkyl-substituled products 
of the heptene and cyclopentene in the presence of an alcohol as a reducing agent using a halido of a noble metal 
such as ruthenium as a catalyst. ^ 

Homo- or co-polymers comprising the 1 .4.S.8-dimethano-1 .2,3.4,4a.5,B.8a-octahydronaphthalene as a pan or the 
whole of monomers and methods for production thereof are also disclosed in Japanese LaWOpen Patent Publications 
Nos 159,598/1975, 127,728/1983, 51.911/1984, 81.315/1984 and 81.316/1984 and U. S. Patent 4.178,424. 

The polymers disclosed In these prior art documents are ring-opened polymers having polymerized units resulting 
from ring-opening of monomers as in the polymerized units represented by formula (a). As can be understood from 
the formula (a), these ring-opened polymers are strocturatty characterized by the fact that the nnaln polymer chain 
contains an unsaturated vinyl linkage. Because of the presence of the unsaturated vinyl finkaga. these polymers have 
poor heat aging resistance, ... . ^ • 

All of the polymers described in the above prror art documents are ring-opened polymers obtained by the rmg 
scission of monomer. U. S. Patents 3.330.81 6 and 3.494.897 and Joumalof Polymer Science: Polymer Physcs EdHkjn, 
volume 12, 1607-1618 (1974) describe polymers of the type obtained by the opening of the double bond of monomer 
without the ring scission of the bicyclohept-2-ene skeleton of the rTK>nomer. 
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U. S. Patent 3,330.815 discloses that a polymer comprising polymerized units oi the foltowing formula (c) 




(C) 




Of the subslttution product thereof is obtained from bicyclol2.2. 1)hept-2-ene of the following lormula (d) 

^ ^ (d> 

Of ^^^J^^^^^^^^ discloses a process for producing a copotymer of ethylene with a bicyclc(^2.1 ).hept-2-€ne 

represented by tha following formula (e) 



45 



SO 



S£ 




(e) 



R R' 

Example 44 and claim 92 of this patent discloses a copolymer of ethylene with tetracyclc(6.2.1 « oa.n-4-dodecene 
of the following fomfiula (f) encompassed within the formula (e) 



(f) 



and ethylene. The Patent does not describe the content of the tetracyclododeceno of the •^Po'V"'*' 
When itis calculated undBfthe assumption that all of the tetracyclododecene charged was inlrodi« 
Z povmer contains polymerized units derh/ed from about 2 mole% at mos. of the telracyctododecene^a S P^ent 
3,494,B97 does not at all describe speclficalV copolymers of ethylene with tetracyclododeeenes other than the telra- 
cvclore 2 1.1^-* 0*'1-4-dodecene of fomiula (I). . . .u 

Journal of Polyiir Science: Polymer Physics Edition, volume 1 2. 1607-1618 (1 974) d«closes copolymers of eth- 
ylene and norbomene derivatives having dynamic mechanical properties. Table II of this document shows a copolymer 
of ethylene containing 1 mote% of polymerized unite derived from the same compound as formula (f) (named octhy- 
S^imethanonaphthalene in this document). Table IV thereof stales that this copolymer has a beta.elaxe.on temper- 

Thl I'oTolymers described in these prior art references which contain only 2% at the largest of o^'^**'"""**;'- 
anonaphlhalene have a glass transition temperature of about 15-C at the highest. They strongly exhibit a rubbery 
nature and have poor heat resistance and mechanical properties. 

The present invention provides a transparent random copolymer charactenzed m that 

(A) said copolymer comprises polymerized units derived from ethylene and polymerized units derived from 
» 1 ,4.S,8-dimethano-1 ,2.3.4,4a.5.8.8a-octahydronaphthalene represented by the loHowing formula (1 ) 



(1) 



wherein R, and R, are identical or different and each represents a hydrogen atom, a halogen atom or an 
allcyl group, or R, and may be bonded to each other to form a trimethylone group or a group represented by 
the following formula 



m which Rs and F\, are Identical or different and each represents a hydnsgen atom, a halogen atom or an 
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ai»cyl group. 

(B) the mole ratio o1 poJymerizod units derived from 1.4,5.e-dimothano-1,2,3.4,4a.5.B,8a-octahydrooaphthalene 
to polymerized units derived from ethylene is from 3:97 to 95:5, 

(c) the i.4.5,B-dimethano-l. 2.3.4. 4a,5.B.ea-octahydronaphthalene is iru:orporated in the polymer chain as polym- 
erized units represented by the following formula (2) 



(2) 



wherein R, and are as defined above, and 
(D) said copolymer has a glass transilion temperature, measured by a dynamic mechanical analyzer, of at least 
25* C, subject to the proviso that said copolymer does not consist essentially of said at least one 1 ,4.5,B-dimethano- 
'5 1 .2,3!4,4a,5,6,Ba-oclahydronaphthalene represented by the formula (1 ), ethylene and at least or\e alpha-olof^i of 

at least 3 carbon atoms and/or cycloolerin, wherein the nrwle ratio of potymertzed units from the 1 .4,5,8-<limethano- 
« l,2,3,4,4a,5,B.8a-octahydronaphlhalene to potymertzed units from ethylene is from 3:97 to 95:5. and the mole ratio 
ol polymerized units from the at least one alpha-olefin and/or cycloolefin to the polymerized units from the 
1 ,4.S,B-dimethano-1 .2.a4,4a,5,8.ea-octahydronaphlhaiene is from 95:5 to 20:80. 

20 

The present invention also provides a process for producing a transparent random copolymer as defined above 
which comprises copolymerizing a monomer mixture comprising ethylene and at least one 1,4.5.8-dimethano- 
1.2.3.4,4a.5.e.8a-octahydronaphthaiene of the fomiula (1) in a hydrocarbon medium under a pressure of up to 4.9 
MPa (0 to 50 kg/cm^) in the presence of a catalyst formed from a vanadium compound and an organoaluminum com- 
26 pound which are soluble in the hydrocarbon medium. 

The present invention further provides shaped articles of a transparent random copolymer as defined above. 

The 1 45 6-dimethano.1,2,3.4.4a.5.B,8a-octahydrDnaphthalene. i.e. a tetracyclol6.2, 1,1 3.6,02. 7)-4-dodecene, 
used in this invention is represented by the above formula (1). In formula (1). R, and Rjare identical or different and 
each represents a hydrogen atom, a halogen atom or an alkyi group, or R, and R^ are bonded to each other to form 
30 a trimethyiene group or a group of the following formula 

wherein Rg and R4 are identical or different and each represents a hydrogen atom, a halogen atom or an alkyl group. 

Examples of the halogen atom for R,to R4 are fluorine, chlorine and bromine. The alkyI group for R, to R4 may be 
linear or branched, and preferably has 1 to 20 carbon atoms, particularly 1 to 10 carbon atoms. Examples of the aikyi 
40 group include methyl, ethyl, n-propyl. iso-propyl. n-butyl. iso-butyl, sec-butyl, t-butyl. pentyl. hexyl. heptyl, oclyl. nonyl 
and decyl. 

Examples of the l,4,5,8-dimethano1.2.3,4.4a,5.B,8a-octahydronaphthalene ol formula (1) include 

4 

1 ,4,5,8-dimethano-1 .2.3.4.4a.S,8,8a-octahydrorwphlhaleno, 
4S 2-methyl-l ,4,5,e-dimelhano-1 ,2.3.4,4a.5,8,8a-octahydronaphthalene. 

2-ethyl-1 ,4.5,8-dimethano-1 ,2.3.4, 4a. 5,8, 8a-octahydronaphthalene. 

2-propyl-1 ,4.5,8-dimethano-l .2.3,4,4a,5,B,8a-octahydronaphthaiene. 

2-hexyl-1 ,4.5.8-dlmethano-1 ,2.3.4,4a.5,e.8a-octahydronaphthaler»e, 

2-slearyI-t .4.5.e-<Jimelhano-l .2,3,4,4a,5.8,ea-oclahydronaphthalene, 
so 2-decyl-l ,4.5.8-dimethano-1 .2.3.4.4a.5.B.8a-octahydronaphthalene. 

2,3-dimethyl-1 .4,5.e-dimethano- 1 .2.3.4,4a^,6.ea-octahydronaphthal©ne, 

2.3-dimethyl-3-ethyl-1.4,5,8-dimethano-1.2,3.4.4a.5,8.8aoctahydronaphthaleno. 

2-methyl-3-ethyl-1 .4.5.8-dtmethano-l ,2.3,4.4a.5.B.8a-octahydrDnaphthalene, 

2-ch!oro-1 .4.5.6dimethano-1 ,2.3,4,4a,5,B.8a-octahydronaphthalene. 
55 2-bromo-l .4,5.&-dimethano-l .2. 3.4.4a. 5.8.8a-octahydronaphthalene, 

2-ffluoro-1 .4.5.e^lmelhano-1 ,2.3.4,4a.5.8.ea-octahydronaphthalene, 

2-cyctohejcyl-1 .4.5,B-djmethano-1 ,2,3.4, 4a,5.6.8a-octahydronaphlhalene. 

2-isobutyl-1 .4.S,8-dimethano-1 ,2,3.4,4a.S.e.8a«tahydronaphthalene. 
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2,3-dichloro-1 ,4,5,B-dimethano-1 ,2, 3,4.43.5, 8, 8a-octahydronaphthalene. 
1 2-eihy»-hexacyclol6,6. 1 , l3'«. 1 io.i3,o2.7.o9.^*lheptadec9ne-4. 
1 2-methyl-hexacyclo(6.6. 1 , 1 . 1 ^ 3,oa.7,oe.i *lh«ptad8cene-4. 
12-isobutyl-hexacyiol6.6.1.l3'«,l^o-'=».02'T.O«.'*Jhepladecervo-4. 
hoxacyctol6,6. 1 .1 ^ e 1 a 02.7,o9.'»4]heptadecena-4. and 
pentacylo(6,5. 1 . 1 ^*«.02.7 o9.*'3lpentadocene-4. 

Those 1 ,4,S,B<iimolhano-1 .2.3.4.4a.5.8,8a-octahydronaphlhalenes may be used singty or in combination. 

Among Ihe compounds of formuJa (1). those in which at least one of R, and is an alkyl group, especially having 
1 to 10 carbon atorrw. above all 1 to 5 carbon atoms, or R, and Rg are bonded together to fonn a trifnethyleno group 
or a group of the formula 



X' 



wherein and R4 are as defined above, and preferably represent an alkyl group having an alkyl group with 
1 to 10 carbon atoms, especially 1 lo 5 carbon atoms, 
are preferred. 

The compound of formula (1) can bo produced, for example, by subjecting the corresponding nortwrnene and 
cyclop ontadione to the Diels-Aldar reaction. 

According to the process of this invention, the 1.4.5.8-dimethano-1,2.3.4,4a,5.8.8a-octahydronaphlhalene of for- 
mula (1 ) is copolymerized with ethylene in a hydrocarbon solvent In the presence of a catalyst. 

The catalyst used is one f onned from a vanadium compound and an organoaluminum compound which are soluble 
in the hydrocarbon solvent used. 

Suitable vanadium compounds include vanadium halides such as VCU. VBr4. VCI, and VBra; vanadium oxyhalidos 
s uch as VOCI3, VOBra, VOClz and VOBrj; and vanadium compounds of the f omnula VO(OR)„Xvn wherein R represents 
a hydrocarbon'group, X represents a halogen atom, and n is a number represented by 0<nS3. Of these, hydrocarbon- 
soluble vanadium compounds, partwularty the vanadium oxyhaiides and tho compounds of the formula VO 
(OR) are preterrod. In the compounds of the formula VO{OR)„X3.„. R is an aliphatte. alteyclte or aromatic hydro- 
cart^ gmup preferably an aliphatic hydrocrbon group with 1 to 20. preferably 1 to 5. especially preferably ^ to 3. 
carbon atoms. The number n is 0<nS3, preferably ISn^l.5. Specific examples of those vanadium compounds are 
VO(OCH3)CU. VO(OCH3)2CI. VOCOCHalg. VOpCaHsjCt, VO(OC2Hs)i.sCli.*. VO(OC2H6)2CI, VO(OC2H5)3, VO 
(OCoHchsBr... VO{OC3H7)Cl2. VO{OC3H7),.fiCI,.6. VOCOCaH;)^^ VOlOCgH^b. V0(0 n-C4H9)Cl2, V0(0 n- 
C.HoUCI, V0(0 lso^4H9)2CI. V0(0 sec^^H^h^ and VOCOCsH,,), jgCI, .g. Mixtures of these may also be used^ These 
vanadium compounds can easily be obtained by. for example, reacting VOCIg with alcohols, or VOCt, wrth VO(OR)3- 
Suitable organoaluminum compounds used together with the vanadium compounds are compounds represented 
by the general formula R'^AlXg.™ wherein R* represents a hydrocarbon group, preferably an aliphatic, aromatic or 
alicyclic hydrocarbon group having 1 to 20 carbon atoms, especially 1 to 10 cartoon atoms. X* represents a halogen 
atom especially fluorine, chlorine or bromine, and m is a number represented by 0<m^3. Hatogen -containing orga- 
noaluminum compounds of the above formula in which m has an average value represented by l:em^2. particularly 
\ 2;Sm£1.e, are preferred. Specific examples of these organoaluminum conrv>ounds are trialkyi aluminums such as 
triethyl alurr^inum, triisopropyl aluminum, triisobutyl aluminum, tri(n-propyl) aluminum and tri(n-butyl) aluminum; dialkyl 
aluminum monohalidos such as diethyl aluminum monochtorido. diethyl aluminum monobromide. diisopropy I aluminum 
monochlortde, dllsopropyl aluminum monobromide, dKn-propyl) aluminum monochlorlde, dl(isobutyl) aluminum mon- 
ochloride. di(n-butyl) aluminum monochloride. dl(sec-bulyl) aluminum monochtorido. di(n-penlyl) aluminum monochlo. 
rtde and dioctyl aluminum monochloride; alkyl aluminum sosquihalides such as ethyl aluminum sesquichtoride. iso- 
propyl aluminum sesquichlorklo, n-propyl aluminum sesquichtoride. n-butyl aluminum sesquichtorido, n-pentyl alumi- 
num sesquichtoride and n-octyl aluminum sesquichtoride; and alicyl aluminum dihaWes such as ethyl aluminum dichlo- 
ride ethyl aluminum dibromide. isopropyl aluminum dlchtortde, isopropyl aluminum dibromide. n-propyl aluminum 
dtchlorido n-propyl aluminum dibromide. n-butyl aluminum dichloride, Isobutyt aluminum dichtoride. sec-butyl alumi- 
num dichlorido. n-pentyl aluminum dichloride and n-octyl aluminum dfchlorido. Mbrturos of those may also be used. 

The ratto of tho organoaluminum compound to the vanadium compound, in terms of the mole ratio of Al to V. is at 
least t . preferably not more than 30, especially preferably from 2 to 20. 
^ The copolymertratlon is carried out In a hydrocarbon solvent. Examples of tho sotvont Include aliphatic hydrocar- 

bons having 5 to 15 carbon atoms such as pentane. hexane. heptane, octane and kerosene; alicycfic hydrocarbons 
having 5 to 1 5 carbon atoms such as cyclopentane and cyclohexane; and aromatic hydrocarbons having G to 1 5 carbon 
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atoms such as beniene, toluene and xylene. These solvents may t>e used singly or in combtnalion. 

Proterably, the copolymorization is carried out such that the concentration of the vanadium compound in the re- 
action medium is from 0.05 to 20 millimoles/iltor, preferably 0. 1 to 10 millimoles/liter. The organoaluminum corr^ounds 
is used In such a concentration that the A1 A/ mole ratio becomes at least 1 . preferably not more than 30. especiaRy 
s preferably from 2 to 20. 

The ratio of ethylene to the compound of formula (1 } varies according to the composition ot the desired copotymer, 
the type of the reaction medium, the polymerizatior> temperature, etc. Generally, the mole ratio of ethylene to the 
compound of formula (1) Is adjusted to 100:1 to 1:100, preferably 50:1 to 1 :50. 

The polymerization temperature is from -50 to 100*C, preferably from 30 to 80*C. The polymerization pressure is 
10 maintained at 0 to 4.9 MPa (0 to 50 kg/crh^), preferably at 0 to 1 .0 MPa (0 to 20 kg/cnr>2). The molecular weight of the 
polymer may be controlled by using a rrtolecular controlling agent such as hydrogen as required. 

As a result, the process of this invention gives the random copolymer of this invention in which the mole ratio of 
polymerized units from the 1,4,5,8-dimethano-1,2,3,4,4a.5,8.ea-octahydronaphthalene of formula (1) to polymerized 
units from ethylene (rr^easured by ^^C-NMR analysis) is in the range ol from 3:97 to 95:5. Preferably, the above mole 
Tfi ratio is from 5:95 to 80:20, more preferably from 1 0:90 to 80:20. 

* The compound of formula (1 ) Is incorporated Into the chain of the random copolymer ot the Invention as polymerized 
units of the following formula (2) 



20 



wherein R, and R2 are as defined hereinabove. The random copolymers ol the invention, therefore, have an iodine 
number of usually not more than 5. and most of them have an iodine number of not more than 2. The random copotymers 
of this invention have an intrinsic viscosity hJ. measured in decalin at 135»C, of preferably 0.005 to 20 dl/g. more 
preferably 0.01 to 15 dl/g. especially preferably 0.05 to 10 dl/g. 

The novel random copolymers of this invention are generally amorphous or of fow cryatallinity. Preferably, they are 
amorphous. Accordingly, they have good transparency. Generally, these copotymers have a crystallinity, determned 
by X-ray diffraction, of not more than 40%. preferably not more than 25%. 

The copolymer of the invention has a melting point, determined by a differential scanning calorimeter (DSC), of 
not more than 135'C, preferably not nr«>re than 128»C. 

The superior heat resistance of the novel random copolymer of this invention can also be substantiated by its high 
glass transition temperature. Specifically, the novel random copolymer of the invention has a glass transition temper- 
ature (Tg), measured by a dynamic mechanical analyzer, ot at least 25-C, preferably 30 to 220'C. more preferably 80 

to200-C. ^ ^. 

The random copolymer of this invention has a density, determined by the density gradient tube method in accord- 
ance with ASTM D150S, of usually at least about 0.86 g^cnri^. preferably 0.94 to 1.30 g/cm^. espectalty preferably 0.96 

to 1.10 g/crn^. J- , * 

The random copolymer of this invention also has excellent electrical properties, and for example, has a dielectnc 

^° constant, measured at 1 KHz. of 1 .5 to 4,0, above all 1 .7 to 2.6. 

* Novel random copolymers of this invention in which the mole ratio of the polymerized units from the 1 .4.5.e-dimoth- 
ano-1.2.3.4,4a.5.e,8a-octahydronaphthalene to the polymerized units from ethylene is from 10:90 to 90:10, preferably 
from 1 5:85 to 80:20 (measured by ^^C-NMR analysis), and which have an intrinsic viscosity, measured in decalin at 
1 3S»C. of 0.3 to 1 5 dl/g. preferably 0.5 to 10 dl/g. a crystallinity. determined by X-ray diffraction, of not more than 25%. 

^ preferably not more than 10%. and a melting point, measured by a differential scanning calorimeter, of not more than 
12B*C preferably not more than 100*C. and a glass transKion temperature measured by a dynamic mechanical ana- 
lyzer (DMA) made by Du Pont of at least SO-C, prelerably 100 to 220»C. have excellent transparency, processability, 
heat resistance, heat agmg resistance, chemical and solvent resistance, dielectric properties and mechanical properties 
such as rigidity Accordingly, these copolymers can be used as a transparent resin in various fields including an optical 
field as optical lenses, optical diste, optical fibers and wtndow-panes. an electrical field as water tanks for electric Irons, 
articles used for electronic ovens, substrates for liquid crystal display, substrates for printed circuit boards, substrates 
for high frequency circuits, end transparent electrically conductive sheets or films, medical and chemical fields as 
injection syringes, pipettes and animal gauges, »id in other fields as camera bodies, housings of various measuring 
instruments, films, sheets arxi helmets. 

Novel random copolymers of this Invention m which the mole ratio of the polymerized units from the 1 .4.5.e-dlnr»th- 
ano-1 2 3.4,4a.5.8,ea-octahydronaphthalene to the polymerized units from ethylene is from 10:90 to 90:10. preferably 
from 15'85 to 80:20 (measured by ^^NMR analysis), and which have an intrinsic viscosity, measured in decalm at 



6 



01/22/01 11:19 F^EDFAX ■> 312 554 3:^1 



ND.272 P008/029 



EP 0 582 355 B1 

1 35'*C. ot 0.005 to 0.3 dUg> preterabty 0.01 to 0.3 dUg. especially pref erabty 0.05 to 0.2 dUg, a crystallintty, determined 
by X-ray diffraction, of not mora than 25%, preferably not more than 10%. a mefting point, measured by a differential 
scanning caJorimeter, of not nK>re than 1 26* C. preferably not more than 1 00* a glase transition tennperature measured 
by a dynamic mechanical analyzer (DMA) made by Du Pont of at least eO**C, preferably 100 to 220* C. and a viscosity 

s al 280*0 of 100 to 2 X 1 0^ centipoises. preferably 100 to 2 x 10^ centipoises are of relatively low molecular weight and 
have excellent transparency, heat resistar>ce, heat aging resistance, dielectric properties and chemical and solvent 
resistance. Hence, they are useful as synthetic waxes in various applications. For example, these low-molecular-weight 
rar>dom copolymers of the invention can find extensive use as candles, impregnating agents for rr>atchwood, paper 
processing agents, sizing agents, rubber antioxidants, waterproofing agents for cardboards, retarders lor chemical 
tertitizers, heat accumulating agents, ceramic binders, electric insulations lor paper condensers and electric wires and 
cables, neutron decelerating agents, textile processing aids, water-repelling agents for building materials, protecting 
agents for coatings, calendering agents, thixolropy imparting agents, hardness imparting agents for the cores ot pencils 
and crayons, substrates for carbon ink. electrophotographic toners, lubricants for molding of synthetic resins, mold 
mold releasing agents, resin coloring agents, hot -melt adhesives, and lubricating greases. 

Tfi 4 Novel random copolymers of the invention in which the mote ratio of the polymerized units from the 1 ,4,5.6-dimath- 
ano-1. 2. 3.4.4a, S.e.ea-octahydronaphthalene to the polymerized unit from ethylene is from 3:97 to 20:80. preferably 
from 5:95 to 10:90 (nr\easured by ^^C-NMR analysis), and which have an intrinsic viscosity, measured in dacalin at 
1 35«C. of 0.3 to 20 dl/g, preferably 1 .0 to 20 dl/g, especially preferably 2 to 15 dl/g, a crystallinrty, determined by X-ray 
diffraction, of not more than 10%, preferably not more than 5%. a melting point, measured by a dHferenttal scanning 

20 calorimeter of not more than 128»C, preferably not more than 100^. and a glass transition temperature by DMA of 
25 to 100«C, preferably 30 to 80*»C. have excellent shape memorizing property and antivlbration property in addition 
to excellent transparency, heat resistance, chemical and solvent resistance, electrical properties, optical properties 
and moldability, and show leather properties. Accordingly, they are useful as shape memorizing polymers and antivl- 
bration material. 

25 It should be understood that the term *cycloolefin' as used in the proviso in the present specification broadly 

Includes not only cycloolef Ins In the ordinary sense of the word, but also styrene and styrene derivatives and unsaturated 
polycyclic hydrocarbon compounds. Specific examples of the cycloolefins include cyclobulene, cyclopentene, cy- 
clohexene, 3.4-dlmethylcyclopenlcne, 3-melhylcyclohexene, 2-(2-methylbutyl)-1-cyclohexene, styrene, alpha-methyl- 
styrene. nort>omene, melhylnorbomene, ethylnorbomene. isobutylnorbornene, 2,3,3a,7a-tetrahydro-4,7-methar>o-1H- 

30 indens and 3a,5,6.7a-tetrahydro-4,7-methano-1 H-indene, for example cycloolefins having a norbomene ring, such as 
norbomene, 5-meihyl-2-norbomene, 5-elhyl-2-nort)ornene, and 5-lsobutyl-2-norbomene. 

In view of the properties of the final random copolymer, the use of the catalyst composed of a vanadium compound 
and an organoalumtnum compound is preferred in this invention. If desired, however, the vanadium compound in the 
catalyst may be replaced by a titanium or zirconium compourtd. 

35 The random copolymers of this invention may be molded by known methods. For example, they can be extrusion- 

molded, injection-molded, blow-molded, or rotationally molded by using, for example, a vent-type extruder, a twin- 
screw extruder, a conical twin-screw extruder, a Cokneader, a plasticator. a mlxtruder. a twin conical screw extruder, 
a planetary screw exrtruder, a gear-type extruder or a screwless extruder. In the molding process, known additives 
such as heat stabilizers, light stabilizers, antistatic agents, slip agents, anti-btocking agents, antihaze agents, lubricants, 

40 inorganic and organic fitters, dyes and pigments may be used as required. 

Phenolic or sulfur-type antioxidants may be cited as examples of such additives. The phenolic antioxidants include, 
for example, phenols such as 2,6-dl-tert-butyl-p<re8ol, stearyl (3,3.-dimethyl-4-hydroxybenzyl)thiogtycolate. stearyt 
beta-{4-hydroxy-3.5-dMert-butylphenol)propionate. distearyl 3,6-dMert-butyl-4-hydfOxybenzyl phosphate, 2.4.6-tris 
(3*,5*-di-tert-butyM*-hydroxybenzytthio)-1,3,5-triazine. distearyl (4-hydroxy-3-methyl-5-tert-butylbenzyl)malonate, 

4S 2.2'-methylenebis(4-methyl-6-tert-toutylphenol), 4,4*-methylenebis{2,6-dMert-butylphonol), 2,2*-methylenebis[6-(l- 
methylcyclohexyl)p-cresol). bis[3,5-brs{4-hydroxy-3-tert-bulylphenyl)butyric ackl] glycol aster, 4,4*-bulylkienebis(6-1ert- 
butyl-m-cresol), 1 .1 ,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butene, bisI2-tert-butyl-4-methyl-6-(2-hydroxy-3-lert- 
butyl-5-methyft>enzyl)phenyl] terephthalale, l,3,5-tris(2,6-di-methyl-3-hydra)(y-4-tert-butyl)bonzyl isocyenurale, 
1.3.5-iris(3,S-di-tert-butyl-4-hydroxybenzyl>-2.4.6-triiTWthylbenzene,tetrakislmethylene-3-{3.S-di4^ 

so phenyl) proplonatejmelhane, 1,3,5-tris(3.5-di-tert-butyl-4-hydroxybenzyl) isocyanurate, 1 .3,5-tris((3,5-di-lert-butyl- 

4- hydroxyphenyl)propionyk>xyethyll isocyanurate. 2-octylthk>-4,6-di(4-hydroxy-3.S-dl-lert-butyl)phenoxy-l,3,5-tri- 
azine and 4,4*-thiobis(64ert-butyt-m-crasol); and polyhydric pheriot/carbonic acid oligoesters such as carbonic acid 
oligoesters (for example, having a degree of polymerization of 2. 3. 4. 5, 6. 7, 8, 9. 10) of 4,4*-butylklenebis{2-tert-buty»- 

5- methylphenol). 

ss Examples of the sulfur-type antioxidant include dialkyi thiodipropionates such as dilauiyl. dimyristyl or distearyl 

thiodipropionate. and esters (such as pentaerythritol telralaurytlhiopropkinate)formed between alkyithiopropnntc ackls 
such as butyK octyt-. lauryl- or stearylthiopropk>ntc acid aruJ polyhydric alcohols (such as glycerol, trtmethytolethane. 
trimethylolpropane, pentarythritol or trts-hydroxy ethyl dSeocyanurate). 
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Phosphorous-containing compounds may also be incorporaied. Examples include trkxtyl phosphite, trilauryt phos- 
phite, tridecyl phosphite, octyldiphenyl phosphite, tris(2,4-dMert-butylphenyl) phosphite, triphenyl phosphite, trls(bu- 
tcxyethyl) phosphite, tris(nonylpheny)) phosphite, distearyl pentaerythrito) diphosphite. tfitra-<tridecyl)-1,1 .3-trt8(2-fne- 
thyl-5-tert*butyl-4-hydroxyphenyl)butane diphosphite. tetra(C^2*^is rnixed alkyl)-4.4'-jsopropylidenediphenyl diphos- 
5 phito. tetra(tridecyl)-4.4'-butylidenebls(3-methyl-6-tert-butylphenol) diphosphite, tri3(3,5-dMert-butyl*4-hydroxyphenyl) 
phosphite. trls(mono-dl-mbced nonylphenyl) phosphite, hydrogenated 4,4''lsopropyltdene diphenol polyphosphtte. bis 
(octylphenyl).bfs(4,4*-butylidenebls(3-fnethyl-6-tert- butylphenol)]. 1 ,6-hexanediol diphosphite, phenyl-4,4'-isopropylid- 
enediphenoi-pentaerythrrtol diphosphite, bis-{2,4-dl-tert-butylphenyl)pentaerythritol diphosphite, bis(2.6-di-lert-butyl- 
4-methylphenyl)pentaerythritol diphosphite, tris[4.4'-isopropyiidenebis(2-tert-butytphenol)] phosphite, phenylditso- 
70 decyl phosphite, di (nonylphenyl )-pentaerythntol diphosphite. trte(1,3-di-6tearoyloxy}sopropyl) phosphite. 4.4'-isopro- 
pylldenebis(2-ten-butylphenol)-di(nonytphenyl) phosphite, 9.lO-dihydro-9-oxa-iO-phosphaphenanthrene*10-oxide. 
and tetrakts(2,4-di-ten-butylphenyl)-4,4'-biphenylene diphosphonlte. 

There can also be used 6-hydroxycoumarone derrvatrves such as alpha-, beta*, gamma- and detta-tocopherols 
and mixtures thereof, a 2.5-dtmethyl-substitution product 2.5.8-trimethyl-8UbslitutBd product or 2.57.B4etramethyl- 
IS ^substituted product oi 2-{4-methyt-pent-3-eny)-6-hydroxycoumarone. 2.2.7-1rimethyl-5*tert-butyt-6-hydroxycoumar- 
one, 2,2,5-trimethyl-7-tert-butyl-€-hydroxycoumarone, 2.2.5-trimelhy>-6-tert-butyl-6-hydroxycoumarone, and 2,2-di- 
methyl-5-lert-butyl-6-hydroxycoumarone. 

It is also possible to incorporate a compound represented by the general formula 

M^AIy(OH)2,^2,(A),.aH20 

wherein M represents Mg, CA or Zn, A is an anion other than a hydroxyl anion, x, y and z are positive numbers, and 

a represents 0 or a positive number. 

Examples ot the compounds of the above formula are 

Mg6Al2(OH),6C03.4H20, 
l^g8Al2(OH)2oC03.5H20. 
MgBAl2(OH)i4C03.4H20, 
M9l0Al2(OH)22(CO3)2-4HiO, 
MgsAla(OH),eHP04.4HaO. 
CaeAl2(OH),6C03.4H20, 
^ ZneAl2(OH),6C03.4H20. 

Zn6Al2(OH)i6S04.4H20. 
M96Al2(OH)^6S04.4H20, and 
MgeAljPH), aC03.3H20. 

There may also be added an antioxidant having a 2-benzofuranone skeleton, such as 3-phenyl-2-ben2ofuranone 
and 3-phenyI-4.6-di-t-butyl-2-benzofuranone as disclosed in the specification ot Japanese LaidOpen Patent PubUca- 
lion No. 501.181/1980. 

Examples of the light stabilizers include hydroxybenzophenor^es such as 2-hydfoxy-4-methoxybenzophenone, 
2-hydroxy-4-n-octoxyben2ophenone, 2.2*-dihydroxy-4-methoxybenzophenone and2.4-dihydroxybenzophenone; ben- 
*zotriazole6 such as 2-(2'-hydroxy-3*-tert-bulyl-5*-methylphenyi)-5-chlorobenzotriazole. 2-(2'-hydroxy-3*,5*-dl-tert-butyl- 
phenyl)-5-chlorobenzotriazole. 2-(2*-hydroxy-5*-methylphenyObenzotria20le and 2-(2'-hydroxy-3*,5'-di-tert-amylphe- 
nyl)benzotriazole; bonzoatos such as phenyl salicylate, p-tert-butylphcnyl salicylate, 2.4-di-tert-butylphenyl-3.5-di-tert- 
butyt-4-hydroxybenzoate and hexadecyl-3,5*di-tert-butyM*hydroxybenzoate; nickel compounds such as 2.2*-thiobts 
(4-ten-octylphenoO nickel salt. I2.2*-thiobi6(44ert-octylphenoiate)l-n-butylanrune nickel salt and (3,S-di-tert-butyM-hy- 
droxybenzyl)phosphonlc acid monoothyl ester nickel salt; substituted acrylonltrlles such as methyl atpha-cyano-beu- 
methyl-bela-<p-methoxyphonyl)-acrylate; oxalic acid dianilides such as N -2-ethylphenyl-N-ethoxy-5-tert-butylphenyl 
oxalic acid diamkie and N-2^thytphenyl-N'-2*ethoxyphenyl oxalic acid diamide; and hindered amine compounds such 
as bis<2,2.6.6-tetramethyl-4-piperidine)sebacate. polyI(6-(1.1 .3,3-1etramethyt3Utyl)imino)-l ,3,5-triazine-2.4-diyl 4- 
(2,2.6,6-tetramethylpiperidyl)imino)hexamethylene] and a condensation product of dimethyl succinate and 2-(4-hy- 
droxy-2,2,6,6-letramethyl-l -plperidyl)ethanoL 

Examples of the lubricants include aliphatic hydrocarbons such as paraffin wax, polyethylene wax and polypro- 
pylene wax; higher fatty acids such as capric acid, lauric acid, myrislic acid, palmitic acid, margaric ackl. stearic ackl, 
arachkiic acid and behenic acid; metal salts of higher fatty acids such as lithium, calciunn, sodium, magnesium and 
potassium salts of the above-exemplified fatty ackis; aliphatic alcohols such as paknityl alcohol, cetyl alcohol and 
stearyt alcohol; aliphatic amides such as caproic amide, caprylic amide, capric amide, laurc amide, myristic amMe, 
paimilk: amide and stearic amide; esters formed between fatty acids and alcohols; and fluorine compounds such as 
fluoroalkytcartx^xylic acids nrtetal salts thereof, and metal salts of fluoroalkylsulfonic acids. 
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Examples of the mets include inorganic or organic fibrous fillers such as glass fibers, silver- or aluminum-coated 
glass fibers, statnlesa stee< fibers, aluminum fibers, potassium tftanate fibers, carbon fibers, whiskers, Kevtar® fibers 
and superhigh elastic polyethylene fibers: and irwrganic or organic powdery, granular or flaky fillers such as talc, calcium 
carbonate, magnesium hydroxkle, calcium oxkje, magnesium sulfate, graphite, nickel powder, sitver powder, copper 
s powder, carbon black, sih/er-coated glass beads, aluminum-coated gtass beads, aluminum flakes, stainless steel flakes 
and nickel-coated graphite. 

The novel random copolymers of this invent k>n may be used as a blend wtth various known pofymers. Examples 
o1 such known polymers are shown below. 

TO (A) Potymere derived from hydrocarbons having 1 or 2 unsaturated bonds 

Polyolefins, such as polyethylene, polypropylene, potylsobutylene, poly(methytbutene-1). poly(4-methy|pQn- 
tene-1), poly(butene'l), polyisorpene, polybutadiene and potystyrena. or crossltnkad products thereof. 

Copolyn^rs of the monomers constituting the above polymers with each other, such as ethylene^ropylene 
4 copotymer. propylene/butene-1 copolymer, propylene/isobutylene copolymer, styrene/isobutylene copotymer, sty- 
rene/buladlane copolymer, terpolymers of ethylene, propylene and dienee such ae haxadiene, bicyclopentadiene 
and 5*ethylldene-2-norbornene, and terpolymers of ethylene, butene-1 anddlenes such as hexadfene. dicyctopen- 
tadiene and 5-ethylidene-2-rK>rboma. 

Blends, grafted polymers, and block copolymers of these polymers may also be cited. 

(B) Hatogen-containing vinyl polymers 

20 Polyvinyl chloride, potyvinylidene chtoride, polyvinyl fluoride, polychloroprene, and chlorinatod rubbers. 

(C) Polymers derived from alpha. beta-unsaturated carboxytlc acids or the derivatives thereof 
Polyacrylata, polymethacrylatet polyacrylamide, and polyacrylonttrile. 

Copolymers of the monomers constitutir>g the above-exemplified polymers with other copotymerizabte mon- 
omers, such as acrylonrt rile/butadiene/sty rene copolymer, acrytonitrile/styrene copolymer, and aery Ion itrile/sty- 
2S rene/acrylate copolymer 

(D) Polymers derived from unsaturated alcohols, amines, acyl derivatives thereof, or acetals 

Polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate. polyvinyl butyral, 
polyaltyl phthalate and potyallytnrielamine. 

Copolymers of the monomers constauting the above-exemplified polymers with other copotymerizabte nr>on- 
30 omers, such as ethyleneA/inyf acetate copolymer 

(E) Polymers derived from epoxides 

Polyethylene oxide and polymer derived from btsgtyctdyl ether. 

(F) Polyacetals 

Polyoxynr>ethylene, polyoxyethylene. and potyoxymethylene containing ethylene oxide. 
3$ (G) Polypheny lene oxkje 

(H) polycarbonate 

(I) Potysulfone 

(J) Polyurethane and urea resins 
4 (K) Potyamides and copolyamkJes derived from diamines and dicarboxyltc ackte and/or aminocartooxylic acids or 
40 the corresponding lactams 

Nylon €, nybn 66. nylon 11. and nylon 12. 
(L) Polyamkie-potyethers 

(M) Polyesters derived from dicarboxytic acids and dialcohob arKl/or hydroxycartooxylic acids or the corresponding 
lactones 

4S Polyethylene terephthalate. polybutylene terephthalate and poly(1 .4-dtmethylolcyck)hexane terephthalate). 

(N) Crosstlnked polymers derived from aldehydes and pherwts. urea or melamine 

F^enol/lormatdehyde resin, urea/formaklehyde resin, and melamine/lormaldehyde resin. 
(O) Alkyd resins 

Glycerin/phthellc acid rasin. 

so (P] Unsaturated polyester resins derived from copolyesters of saturated and unsaturated dicarboxyltc ackjs and 

polyhydric alcohols usrtg vinyl compounds as crosslinking agents, and hatogervcontaining modified resins thereof. 
(Q) Natural polymers 

Cellulose, rubber and protein, or derivatives thereof, such as cellulose acetate, cellulose propionate, cetlutose 
BS acetate and cellulose ether. 

When the copolymers of this rivention are used as synthetic waxes, they may. of course, be mixed with various 
known waxes. 

The random copolymers of this Invention may be used as a blend with each other. 
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The following Examples furrher illustrate the present Invention In more detail. 
EXAMPLE 1 

s A thorougty dried 3-liter separable llask was fitted with a etirring vane, a gas btowtng inlet tube, a thefmometer and 

a dropping funnel, and thoroughly purged wtth nitrogen. 

One titer of toluene dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask, 2 millimoles of dichloroethoxyoxovanadium and 30 g of 2-methyl- 
1.4,5.8-dimethano-1,2.3.4.4a.5.fi,6a*actahydronaphthalene (to be abbreviated DMON hereinafter) were introduced 
10 into the flask, and 20 millimoles of ethyl aluminum seequichloride, into the dropping funnel. 

A gaseous mixture of dry ethylene (40 liters/hr) and nitrogen (160 llters/hr) was passed through the flask kept at 
10"C for 10 minutes through the gas blowing inlet tube. 
4 The copoVmerization reaction was started by adding ethyl aluminum sesquichlorlde from the dropping funnel, and 
carried out at 10'C for 30 minutes while passing the above gaeeous mixture. 

The solution during the copotymerization reaction was uniform and transparent, and no precipitation of the copol- 
ymer was observed. 

Methanol (10 ml) was added to the polymer solution to stop the copolymerization reaction. 

After the stopping of the reaction, the polymer solution was poured into a targe amount of methanol to precipitate 
the resulting copolymer. The precipitate was washed with methanol and with acetone, dried in vacuo for one day at 
20 60° C to obtain 35 g of the copolymer. 

The copolymer had an ethylene content, measured by ^-NMR analysis, of 60 mole%, an intrinsic viscosity, meas- 
ured in decalin at 1 3S^C, of 1 .9, and an iodine number of 1 .0. 

To measure its dyr\amical properties, the copolymer was molded into sheets having a thickness of 1 and 2 mm by 
a hot press at 230° C. X-ray diffraction analysis of these sheets shows that no scattering by crystals was observed, 
2S and the sheets had a crystalltnity (^A^°) of 0%. Transparency was measured on the 1 mm-thick sheet by a haze meter 
In accordance with ASTM 01003-52, and found to be 10%. Ftexural rr^ulus arKi f lexural yield strength were measured 
on the 2 nrvm-thick press sheet in accordance wrth ASTM 0790, and were found to be 2.2 x 10^ kg/cm^ arKj 730 kg/cm^. 
respectively. The glass transition temperature Tg was found to be 130"C by measuring the k>s6 modulus E* at a tem- 
perature elevating rate of S'C/min. by a Dynamic Mechanical Analyzer made by Ou Pont and dalermintng Tg from its 
30 peak temperature. To determine the melting point Tm. the sample was heated at a rate of 10°C/min. in the range of - 
1 20 10 400* C by DSC (990 type made by Du Pont). The melting cunre (peak) was not observed. 

The dielectric constant and dielectrk: tangent (tan fi) of the sample, measured at 1 KHz by a dielectric \oss meas- 
uring device made by Ando Electric Co., Ltd., were 1.9 and 9.1 x 10^, respectively. 

To examine the chemcal resistance o1 the sample, the press-formed sheet was immersed at room temperature 
3S in sulfuric acid (97%). aqueous ammonia (20%). acetone, and ethyl acetate for 20 hours, and then its appearance was 
observed. There was no change in color, reduction In transparency, deformation, dissolution, nor cracking. 

Table 3 given below shows the heat decomposition temperature, dielectric constant and density of the co-polymer 
obtained in this example, 

40 EXAMPLES 2-10 

The copolymerization reactksn conditions were changed as shown in Table 1. Othenviae. the same operation as 
in Example 1 was performed. The conditions and the results are shown in Tables 1 to 3. 

46 EXAMPLES 11-12 AND COMPARATIVE EXAMPLE 1 

Example 1 was repeated except that a 500 ml flask was used instead of the 3-lfter flask, the amount of toluene 
was changed from 1 titer to 250 ml, and the flow rate of N2 was changed from 160 liters/hr to 40 liters/ht The results 
are shown in Tables 1 to 3. 

so 
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Table 1 



Example 


Catalyst 


DMON (g) 


Ethylene gas 
(€Mt) 


PoVmerization 
temperature 
(•C) 


Amount of the 
copolymer 
yielded (g) 


VO(OEt)Cla 
(mmoles) 


EtaAlzClg 
(mmolee) 


1 


2 


20 


301) 


40 


10 


35 


2 


2 


20 


30M 


20 


10 


2B 


3 


2 


20 


3on 


30 


10 


32 


4 


5 


50 


40 


100 


10 


45 


5 


5 


50 


40 


40 


10 


38 


6 


0.5 


5 


30 


20 


10 


16 


7 


0.5 


5 


30 


50 


10 


33 


B 


2 


20 


302) 


40 


10 


32 


9 


2 


20 


303) 


40 


10 


37 


10 


2 


20 


30»> 


40 


10 


36 


11 


0.125 


1.25 


2.5 


40 


20 


7.0 


12 


0.125 


1.25 


2.2 


40 


20 


8.5 


Comp. Ex.1 


0.125 


1.25 


1.3 


45 


30 


6,0 



IS 



1 ) : 2-Ma1hyH .4.S.&'diniethano>1 .2.3.4 .4a^.a.6«-oetahydPDn>phlh«ien» 

2) : 1 .4,S.8-Diiwthftno-K2.3.4.4«.6,e.ea-cctohydron«phth«tow 



2S 



3): 2<Elhyl-1 .4.S,B-dime(hBno-1 2.3.4.4«.6.B.6a-ooMhydroiiaphlhafn» 



4): 2-too-6utyl-1.4.6.B-dmethano-1.2.a.4.4«.S,6.6a-ocUhydn)n»phth*l»n» 
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SO 
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Tables 



Example 


Heat decomposition temperature by TGA{»C) 


Dielectric constant (1 KHz) 


Density (gfcrvp) 


1 


360 


1.9 


1.021 


2 


377 


2.0 


1.027 


3 


390 


2,^ 


1.024 



Continuation of the Table on the next page 
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Table 3 (continued) 



4 



Example 


Heat decomposition temperature by TQA(*C) 


Dielectric constant (1 KHz) 


Density (g/cm^) 


4 


385 


1.9 


1.015 


5 


383 


2.2 


1.025 


6 


384 


2.3 


1,023 


7 


390 


1.9 


1.016 


6 


381 


1.0 


1.021 


9 


362 


2.0 


1.019 


10 


374 


z^ 


1.018 


11 


385 


2.3 


0.958 


12 


380 


2.4 


0.962 


Comp. Ex. 1 


375 


2.5 


0.930 



EXAMPLES 13-17 

The copolymerization reaction conditions were cttanged as shown in Table 4, and otherwise the same operation 
as in Example 1 was peformed. The results are shown in Tables 5-1, 5-2 ax\d 5-3. 

20 

Table 4 



Example 


Catalyst 


DMON (g) 


Ethylene gae 


Potymerization 
temperature 

rc) 


Amount of the 
copolymer 
yielded (g) 




VO(OEt)Cl2 
(mmoles) 


EtaAlgClj 
(mmoles) 










13 




10 


30«> 


28 


10 


12.4 


14 




10 


30«) 


40 


10 


24.0 


15 




10 
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80 


10 


28.0 


16 




10 
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35 


10 


23.1 


17 




10 
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55 


10 


26.2 



a): 2.3-0im«thyl-1 .4^.a-tf nrcthano-1 .a,3.4.4».fi.B.aa-octahydronaph1haWf»» 



b): Z.3-Dl«myh1 ,4.6,e-<flmalhano-l^.3,4,4a.6.8,0«-octahydronaphtft«t«n* 
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Table 5-3 





Example 


Heat decompoGition temperature by TGA (*C) 


Otelectric constant (1 KHz) 


Density (g/cm^) 


S£ 


13 


3B5 


1.9 


1.022 




14 


380 


2.1 


1.018 



Continuation of the Table on the next page 
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Table 5-3 (continued) 



20 



2S 



30 



40 



4S 



Example 


Heat decomposition temperature by TGA (*C) 


Dtelectrtc constant (1 KHz) 


Density (g/cm^ 


15 


373 


2.2 


1.014 


16 


376 


2.0 


1.021 


17 


377 


2.2 


1.016 



EXAMPLE 18 

^ A thoroughly dried 500 ml separable flask was fitted with a stirring vane« a gas blowing Inlet tube, a thermometer 
and a dropping tunnel, and thoroughly purged with nitrogen. 

Toluene (250 ml) dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask. 7.5 g of the compound (g) in Table 6. and 2.5 millimoles of ethyl 
aluminum sesquich bride were introduced into the flask, and 0.25 millimole of dichbroethoxyoxovanadium was added 
to the dropping funnel. A gaseous mixture composed of dry ethylene (10 llters/hr) arul nitrogen (40 titers/hr) was passed 
into the flask kept at 10*C for 10 minutes through the gas blowing inlet tube. From the dropping funnel, dichloroethox- 
yoxovanadium was added to start the copolyrr>erization. While passing the gaseous mixture, the copolymerization was 
carried out at lO^C for 30 minutes. During the copotymerizalbn, the solution was uniform and transparent, and no 
precipitation of the copolymer was observed. Methanol (5 ml) was added to the polymer solulbn to stop the copolym- 
erization reaction. The polymer solution after the stopping of the reaction was poured Into large amounts of methar^ol 
and acetone to precipitate the copolymer. The precipitate was lurther washed with methanol and acetone, and dried 
in vacuo for one day at eCC to obtain 5.3 g ol the copolymer The copolymer had an ethylene content, measured 
by ^%-NMR analysis, of 59 mole%. an intrinsic viscosity, measured in decalin at 135*C, of 1.4 dl/g. and an bdine 
number of 0.9. To measure its dynamical properties, the copolymer was mokied into sheets having a thickness of 1 
and 2 mm by a hot press at 230*C. X-ray diffraction analysis of these sheets shows that no scattering by crystals was 
obsen/ed, and the sheets had a crystaltinity (W^) of 0%. Transparency was measured on the 1 mm-thick sheet by a 
haze meter in accordance with ASTM D1 003-52. and found to be 9%. Flexural modulus and fiexural yieb strength 
were measured on the 2 mm-thick press sheet in accordance with ASTM D790, ar>d were found to be 2.5 x 10^ kg/cm^ 
and 610 kg/cm^, respectively- The glass transitbn temperature Tg was found to be ISO^C by measuring the loss 
modulus E* at a temperature elevating rate of 5*C/min. by a dynamic nrtechanical ar>atyzer (DMA) made by Du Pont, 
and determining Tg from its peak temperature. To determine the melting point Tm. the sample was heated at a rate of 
10*C/mtn. in the range of -120 to 400"C by DSC (990 type made by Du Pont). The melting curve (peak) was not 
observed. 

The electrical properties of the copolymer were measured at 1 KHz by a dielectric loss measurrig device made 
by Ando Electric Co.. Ltd. It was found to have a dielectric constant of 1 .9 and a dielectric tangent (tan 5) of 2.3 x1 0-^. 
A To examine the chemical resistance of the copolymer, the press-formed sheet was immersed at room temperature 
in sulfuric acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then its appearance was 
observed. There was no change in color, reduction in transparency, defonmatlon, dissolution, nor cracking. 

The copolymer also had a density, determined by the density gradient tube method, of 1.032 g/cm^. a refractive 
index (n^), measured by an Abbe refractometer. of 1.540. and a pencil hardness, as a measure of hardness, of H. 

EXAMPLES 19-30 

The same operation as ki Example IB was carried out except that the monomers were changed es indicated in 
Table 6. and the copolymerization conditions were changed as shown in Table 7. The resufts are shown in Tables 6 
and 9. Tables 7. 6 and 9 also show the conditions and the results used and obtained in Example 18. 
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EXAMPLE 31 

A thoroughly dried 500 ml separable flask was fitted with a stirring vane, a gas blowing intet tube, a thermometer 
and a dropping funnel, and thoroughly purged with nitrogen. 
s Toluene (250 ml) dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask, 7.5 g of pentacycto(6.5.1.l9-^.02*7 03.i9]pentadecene-4 and 2.5 mll- 
4 limoles of ethyl aluminum sesquichksride were introduced into the flask, and 0.25 millimole of dichloroelhoxyoxovana- 
dium was added to the dropping funnel. 

A gaseous mixture composed of dry ethylene (20 Ihera/hr) and nitrogen (40 Itters/hr) was passed into the flask 
10 kept at 10*C for 10 minutes through the gae blowing intet tube. 

From the dropping tunnel, dichloroethoxyoxovanadlum was added to start the copolymertzatton. While passing 
the gaseous mixture, the copotymerizatkx) was carried out at 10*C for 30 minutes. 

During the copolymerization» the solution was unlfonm and transparent, and no precipitation of the copolymer was 
observed. 

is Methanol (3 ml) was added to the polymer solution to etop the copotymertzation reaction. 

The polymer solution after the stopping ot the reaction was poured Into large amounts of metharu)! arxj acetone 
to precipitate the copolyrr>er. The precipitate was further washed with methanol and acetone, and dried in vacuo for 
one day at 60' C to obtain 7.2 g of the copolymer 

The copolymer had an ethylene content, measured by ^%-NMR analysis, of 55 mole%, an intrinsic viscosity, meas- 

20 ured in decalin at 135*C, of 2.1 dl/g, and an iodine number of 0.7. 

To measure Its dynamical properties, the copolymer was mokled Into sheets having a thickness of 1 and 2 mm by 
a hot press at 230*0. X-ray diffraction analysis of these sheets shows tfiat no scattering by crystals was observed, 
and the sheets had a crystallrnrty (W^) of 0%. Transpareru;y was measured on the 1 mm-thick sheet by a haze meter 
in accordance with ASTM 01003-52. and found to be 6%. Flexural modulus and flexural ytekl strength were measured 

ss on the 2 mm-thick press sheet in accordance with ASTM D790, and wre found to be 2.5 x1 0* kg/cnr\2 and 850 kg/cm^, 
respectively. The glass transition temperature Tg was found to be 149*C by measuring the k>ss modulus E* at a tem- 
perature elevating rate d 5"C/min. by a Dynanrtic Mechanical Analyzer made by Du Pont and determining Tg from its 
peak temperature. To determine the melting point Tm, the sample was heated at a rate of 10*C/min. in the range of - 
1 20 to 400* C by DSC (990 type made by Du Pont). The melting cun/e (peak) was not observed. 

30 The electrical properties of the copolymer were measured at 1 KHz by a dielectric loss measuring device madeby 

Ando Electric Co.. Ltd. It was found to have a dielectric constant of 2.0 and a dielectric tangent (tan 6) of 2.8 x 1 0^. 
^ To examine the chemical resistance of the press-formed sheet, it was immersed at room temperature in sulfuric 
acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then Its appearance was observed. 
There was no change in color, reduction in transparency, deformation, dissolution, nor cracking. 

35 The copolymer also had a heat decomposition temperature (the weight loss initiation temperature), determined by 

a thermobalance. of 390*C. a density, determined at 23*C by the density gradient method, of 1 .025 g^cnf>2, a refractive 
index (n^), measured by an Abbe refractometer, of 1.536. end a pencil hardness, as a measure ot surface hardness, 
of H. 

^ EXAMPLES 32-36 

The same operatton as In Example 31 was carried out except that the monomer components were changed as 
shown in Table 10, and the copotymertzation conditions were changed as shown in Table 10. The results are shown 
in Tables 10, 11 and 12. 
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Claims 

4 1. A transparent random copolymer characterized in that 

(A) said copolymer comprtsee polymerized unite derived from ethylene and polymerized units derived from a 
1 .4.5,6-dtmethano-1 ,2. 3,4,4a, 5,6. 8a-octahydronaphthalene represented by the following formula (1) 



ooc'; 



(1) 



wherein R, and are identical or different and each represents a hydrogen atom, a halogen atom or 
an alkyl group, or and R2 may be bonded to each other to form a trimethylene group or a group represented 
IS by the following formula 



X 



in which Rq and R4 are tdenttcal or different and each represents a hydrogen atom, a halogen atom or 
an ailcyl group. 

(B) the mole ratio of polymerized units derived from 1. 4,5, 8-dimethano-1, 2, 3,4,4a, 5,6,6a-octahydronaphtha' 
lene to polymerized yntts derived tram ethylene Is from 3:97 to 95:5, 

(C) the l.4.5.B-dimethano-1.2,3,4.4a.5,8.8a-octahydronaphthalene is incorporated in the polymer chain as 
polymerized units represented by the following formula (2) 



(2) 



wherein R| and R^ are as defined above, and 
(D) said copolymer has a glass transition temperature, measured by a dynamic mechanical analyzer, of at 
least 25' C, subject to the proviso that said copofymer does not cor^sist essentially of said at least one 

3S l,4,5,B-dimethano-1.2,3.4,4a,5.B,ea-octahydronaphthatene represented by the formula (1), ethylene and at 

least one alpha-olefin of at least 3 carbon atoms and/or cyctoolefin, wherein the mole ratio of polymerized 
units from the 1 ,4,5,8-dimethano-1.2.3,4,4a,5.6.8a-octahydronaphthalene to polymerized units from ethylene 
is from 3:97 to 95:5, and the mole ratio of polymerized units from the at least one alphe-olefin and/or cyclooleftn 
to the polymerized units from the 1.4,S,8-dimethanD-1,2,3.4,4a,5,e,8a-octahydror)aphthalene is from 95:5 to 

40 20:60. 

2. A transparent random copolymer according to claim 1 which has an intrinsic viscostty measured in decalin at 
1 35- C, of 0.005 to 20 dt/g. 

45 3. A transparent random copolymer according to claim 1 or 2 wherein, in formula (1 ), at least one of artd R2 is an 
alkyi group. 

4. A transparent random copolymer according to claim 1 , 2 or 3 which has a glass transition temperature of 30 to 
220*C. 

so 

5. A process for producing a transparent random copolymer as darned in any one of the preceding clairr^s which 
comprises copolymerizing a mor>omer mixture comprising ethylene and at least one 1 .4.5.8-dimethano-l .2.3.4.4a. 
S,e.6a-octahydronaphthalens of the formula (1) in a hydrocarbon medium urnler a pressure of up 10 4.9 MPa (0 

* to 50 kg/cm^) h the presence of a catalyst formed from a vanadium compound and an organoaluminum compound 
55 which are soluble in the hydrocarbon medium. 

6. Shaped articles of a transparent random copolymer as claimed in any one of claims 1 to 4. 
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7. A transparent rancJom copolymer as defined Jn claim 1 which is obtainable by copolymorizing a mononDor mbeture 
« comprising ethylene and at least one 1.4,5,B-dlmethano-1.2,3,4,4a,5,8,ea-octahydror\aphthalene of the formula 
( 1 ) in a hydrocart>on medium under a pressure at 0 to 4.9 Mpa (0 to 50 kg^cm?) in the presence of a catalyst formed 
from a vanadium compound and an organoalumtnum compound which are soluble in the hydrocarbon medium. 

Patentanaprucha 

1. Transparentes statistisches Copolymer, dadurch gekennzeichnet^ daf) 

(A) das Copolymer umfaOt polymertsieno Einheiten, abgelertet von Ethylen, und potymerisierte Einheiten, 
abgeleitet von 1.4.5,6-0imelhano-1 .2.3.4,4a,5.8.Ba-octahydronaphthalin, angegeben durch die Formal (1 ) 



75 



25 



(1) 



In der und gteich oder verschieden stnd und je wails ein Wasserstoffatom. ein Halogenatom oder eine 
Alkylgruppo bedeuten, oder und R2 miteinander verbunden sern konnan unter Biklung einer Trimothylen- 
gruppe Oder einer Gruppe. angegeben durch die Forme) 



"3 



wobei R3 und R4 gleich oder verschieden sind und jeweits ein V^^ssersloffatom, etn Halogenatom oder eine 
Alkylgruppe bedeuten, 

(B) das Motverhattnis von potymerisierten Einheiten. abgeleitet von dem 1 .4.5,e-Oimethano-l ,2.3.4, 4a,S.B.6a- 
octahydronaphthalin, zu potymerisierten Einheiten. abgeleitet von Ethylen, 3:97 bis 95:5 betragt, 

(C) das 1 ,4.5.8. -Drmethano-1 .2.3,4.4a.5.e.Ba-octahydronaphthaltn in der Polymerkette eingebaut ist in Form 
von potymerisierten Einheiten, angegeben durch die Forme) (2) 



(2) 



wobei R, und Rj wie oben definiert sind, und 

(D) das Copolymer eine GlasObergangstemperatur, gemessen mtt Hllfe eines dynamisch-mechanischen Ana* 
4£ lysators, von mindestens 25' C besitzt mit der MaGgabe. daQ das Copotymer nk:ht im wesentlkshen aus dem 

einen 1,4.5,8-Dimethano-1,2.3,4.4a,5,8.6a-octahydronaphthaltn, angegeben durch die Forme) (1). Ethylen 
und mindestens einem a-Oteftn mil mindestens 3 Kohlenstoftatomen und/odar Cyckx>lefin besteht, wobei das 
Motverhaltnia von polymerislerten Einheiten. abgeleitet von mindestens einem a-Olefin und/oder Cycloolefin, 
zu potymerisierten Einheiten. abgeleitet von dem 1,4.5,8-Dimeihano-1,2,3,4,4a,5,8.8a-octahydronaphthalin. 
so 95:5 bis 20:80 betragt. 



4 



2. Transparentes statistisches Copolymer nach Anspruch 1 mit einer Grundviskositat, gemessen in Decalin bei 
1 35* C. von 0.005 bis 20 dl/g. 



£5 3. Transparentes statistisches Copolymer nach Anspruch 1 oder 2. wobei in Formel (1 ) mindestens einer der Reste 
R^ und R2 erne Alkylgruppe ist. 

4. Transparentes elalistischas Copolymer nach Anspruch 1 , 2 oder 3, das eine GlasObergangstemperalur von 30 bis 
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220"* C besitzt. 

4 

5. Varf ahren zur Herstellung eines transparenten statistfschen Copolymers nach einem dor vorangehonden Anspru- 
che. umfassend das Copotymerisieron exnes Monomergemisches, umfassend Ethylan und mindestens ein 

5 1.4,6,B-Dimethano-1»2.3,4,4a.5.8,6a-octahydronaphthaiin der Formel (1), in einem Kohlenwaseerstoffmedium 

unter einem Druck von bis zu 4,9 MPa (0 bis 50 kg/cm^) In Gegenwan etnes Katalysators. gebHdet aus einer 
Vanadiumverbindung und einer Organoaluminiumverbrndung. die in dem Kohlenwasserstolfmadium Idslich sind. 

6. Formkorper aus einem transparenten statistischen Copolymer nach einem der AnsprOche 1 bis 4. 

10 

7. Transparenles statlstlsches Copolymer nach Anspruch 1 , das erhatlllch ist durch Copolymerisleron eines Mono- 
mergemlsches, umfassend Ethylen und mindestens ©in 1.4,5,8-DimetharK>-1 ,2.3.4-4a,5.8,8a-octahydronaphtha- 
lin der Formel (1 ), in einem Kohlenwasserstoffmodium unter einem Onjck von bis zu 4.9 MPa (0 bie 50 kg/cm*) in 
Gegenwan eines Katatysators, gebildet aus einer ^adiumverbindung und einer Organoalumtniumverbindung. 

IS die in dem KoKlenwasseretoftmedium Idslich sind. 



Revendlcatlone 

20 1. Copotym^re statistique transparent caract^risd en ce que 

(A) led it copolymdre comprend des motifs polymdrisds ddrivds de I'dthyl^ne et des motifs poiymdrisds ddrh/ds 
d'un 1,4,5,e-dim6thano-1.2.3,4,4a.5,6.6a-octahydronaphtal6ne reprdsentd par la formule suivante (1) : 



2S 



3S 



45 



50 



55 



OX: 



(1) 



dans laquelle et R2 sont identiques ou diflerents, et chacun repr^ente un atome dtiydrogdne, un atome 
30 d'halog^ne ou un groupe alkyle. ou R) et R2 peuvent dire retids Tun & I'autre pour former un groupe trimethylene 

ou un groupe reprdsentd par ta formule suivante ; 



X; 



dans laquelle R3 et R4 sont identiquee ou diffdrents, et chacun represente un atome d'hydrogdne, un atome 
dtialogdrYe, ou un groupe alkyle, 

(B) le rapport molaire des motifs potym^ris^s d^rivds de 1 ,4,5.8-dimdthano-1 ,2.3.4,4a.5.8,ea-octahydronaph- 
tal&ne aux motifs polymdrisds ddrivde de r6thyl6ne vaut de 3:97 k 95:5, 

(C) on incorpore le 1,4,5.B-dim6lhano-1. 2, 3.4,4a. 5.8. 8a-octahydronaphtal6ne dans la chaine du potymdre 
comme motifs potymerisds repr^sentds par la lormule suivante (2) 



(2) 



dans laquelle R| et R2 ont les d^rinltions indqudes prdcMemment, et 

(D) ledit copotym6re a une temperature de transition vitreuse, mesurde par un anatyseur mdcanique dynami- 
que. valant au moins 25*C, ^ condition que ledit copolym&re ne consiste pas essentiellement en au moins 
run de ces 1 .4.5.B-dim6thano-1 .2,3.4,4a,5,8.8a-octahydronaphtal6ne reprdsentd par ta formule (1 ), ethytdne. 
et en au moins une alpha-oldfir>e comportant au moins Irois atomes de carbone et/ou cycloolefine. dans lequel 
le rapport molaire des motifs potymdristo du 1.4.5,B-dimdlhano-1,2.3.4.4a,S,8,Ba-octahydronaphtal6no aux 
motifs potym^isds de t*dthyl6ne vaut de 3:97 k 95:5. et le rapport molaire des motifs potym6rts6s derives d*au 
moins une atpha-oldfine el/ou cyclool4ftne aux motifs polymdrisds ddrivds du 1,4,5,8-dimAlhano-1,2.3.4.4a, 
5|B.Ba-octahydror«aphtal6ne vaut de 95:5 d 20:80. 
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4 2. Copotymdre eiatlslique transparent conforme d ta ravendication 1. qui a una viscosttd tnirlns6que. mesuraa dar\5 
la d^catine & 135*C. cfau motns 0.005 d 20 dl/g. 

3. Copotymere statislique transparent conforme ^ la revandication 1 ou 2, dans lequel dans la formule (1 ), au moins 
s run dee et R2 reprdeente un groupe alkylo. 

4. Copolymdre statistique transparent conforme h la revendication 1. 2. ou 3, qui a une temperature de transition 
vitreuee de 30 & 220*C. 

'0 6. Pjoc6d6 de preparation d'un copoiym6re statistique trar^sparent conforme ^ Tune quelconque des pr^c^dentes 
revendicationa, qui comprend ia copoiymdrlsation d'un melange de monomeres contenant T^thyl^ne et au moins 
un 1 .4,5.B-dimdtKano-1 .2, 3,4,4a, 5,8,8a-octahydror\aphtai&ne de formule (1 ) dans un milieu d'hydrocarbures sous 
une pression ne ddpassani pas 4,9 MPa (0 k 50 kg/cm^), en la presence d*un catatyseur formd k partir d'un 
compost de vanadium et d'un composd organiqua d'alumlnium qui sont solubles dans le milieu d'hydrocarbures. 

IS 

6. Articles faponn^s avec un copolym^re statisttque transparent conforme d Tune quelconque des revendlcations 1 

^4. 

7. Copotymdre statistique transparent conforme k la revendication 1 , qui peut dtre oblenu par copolymdrisation d*un 
20 mdtange de monomdres contenant I'dthyl^e et au moins un 1 .4.S.8-dimethano*1 ,2.3,4,4a,5.8.ea-octahydronaph- 

tal6ne de formute (1) dans un milieu d'hydrocarbures sous une pression de 0 ^ 4.8 MPa (0 k 50 kg/cm^) en ta 
presence d'un catalyse ur form6 k partir d'un composd de vanadium et d'un compoed organiqua d'aluminium qui 
sont solubles dans le milieu d'hydrocarbures. 
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